INTRODUCTION
Various studies are under way for the empirical analysis on the SFCL. The SFCL can simultaneously detect and limit the fault current, and is considered one of the promising future power devices. The most critical issue in the empirical analysis on the SFCL is its recovery time. The fast recovery as well as the fast response of the SFCL is very important in improving the supply reliability and transient stability of a system [1] [2] [3] .
Currently, domestic demonstration projects are also experiencing recovery delay [4] [5] . This problem must be resolved for the stable field application of the SFCL.
The ways to reduce the recovery time of the SFCL will be suggested in this study. Fig. 1 shows the experimental circuit of the SFCL suggested in this study. In the figure, the primary winding of the reactor is connected to the load line, and the secondary to the superconductor and SCR switch. The load line at the primary winding of the reactor is connected to a vacuum interrupter, which is a mechanical switch for fault current bypass, and to a CLR, which is a limiting device for fault current. The current transformer (CT) detects the fault. If the detected fault current exceeds the set value of the SCR control system, power is applied to the solenoid to operate the vacuum interrupter [4] .
EXPERIMENTAL PRINCIPLE AND DESIGN OF PROPOSED SFCL

Experimental Design and principle
The source switch at the power supply is a switch for power application, and the fault switch is for fault simulation. In normal conditions, the current is supplied as R-Load through the primary winding of the reactor and the b-contact of the vacuum interrupter. At fault, on the other hand, the flow of fault current is divided into the first half cycle of the fault and after. The initial fault current from the start of fault through the end of the first half cycle is limited b y the imp ed ance caused by the quench of the superconductor on the secondary winding of the reactor and the opening of the SCR switch. The fault current after the first half cycle, however, is detoured to the CLR connected to the a-contact of the vacuum interrupter and 
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The study of superconducting fault current limiter (SFCL) is continuously being studied as a countermeasure for reducing fault-current in the power system. When the fault occurred in the power system, the fault-current was limited by the generated impedance of SFCLs. The operational characteristics of the flux-offset type SFCL according to turn ratios between the primary and the secondary winding of a reactor were compared in this study. We connected the secondary core to a superconductor and a SCR switch in series in the suggested structure. The fault current in the primary and the secondary winding of the reactor and the voltage of the superconductor on the secondary were measured and compared. The results showed that the fault current in the load line was the lowest and the voltage applied at both ends of the superconductor was also low when the secondary winding of the reactor had lower turn ratio than the primary. It was confirmed based on these results that the turn ratio of the secondary winding of the reactor must be designed to be lower than that of the primary winding to reduce the burden of the superconductor and to lower the fault current. Also, the suggested structure could increase the duration of the limited current by limiting the continuous current after the first half cycle from the fault with the fault current limiter. Table 1 show the appearance and inductance values for turns of the reactor used in this study. The test voltage used in the experiment was 120 volts and the load resistance was set 50 ohm. The superconducting elements etched in meander lines were fabricated using 300nm thick YBCO thin films, its critical current are 18~20 ampere. Fig. 2 shows the values of the fault current that flows through the primary winding of the transformer, i.e. load line at fault. As shown in Fig. 2 , the initial peak current during the first half cycle of the fault was significantly low when the turn ratio of the primary and the secondary winding of the reactor was 4:2. The accurate values of the initial peak current were listed in table 2. It was confirmed that the initial peak current can be adjusted through the comparison of turn ratios. Limiting the fault current in a load line is the essential role of the SFCL that is required along with the existing circuit breaker for protection. Since limiting the current on the primary winding of a reactor can relatively increase the current on the secondary winding that is connected to a superconductor, the values of the fault current on the secondary winding were also compared. Fig. 3 compared the currents that flow through the secondary winding of the reactor, i.e. the superconductor. The initial peak current on the secondary winding of the reactor was not much different from the peak current on the primary winding. The accurate values were listed in table 2. The quench of the superconductor seems to restrict the fault current under the specified value. For the existing SFCLs, when the fault current increases, the burden of a superconductor tends to increase proportionally to the square of the current.
Fault Current
Comparison on the Primary winding of the Reactor
Fault Current Comparison on the Secondary winding of the Reactor
For the SFCL suggested in this study, however, the fault current in the load line of the primary winding was reduced and the fault current through the superconductor was maintained on the similar level. Thus, the SFCL is considered advantageous to capacity increase for real applications. Characteristics of the magnetic flux-offset type FCL by switching component Fig. 5 . Power consumption of the superconducting unit. Fig. 4 shows the voltage values applied at both ends of the superconductor connected to the secondary winding of the reactor at initial fault. If the fault current exceeds the critical current of the superconductor, the superconductor quenches. The generated impedance of the superconductor limits the fault current, operates the SCR switch, and opens the secondary winding. This opening causes magnetic flux imbalance between the primary and the secondary winding of the reactor, and the reactance generated by the imbalance limits the initial fault current in the load line on the primary winding. The voltage comparison of the superconductor also showed that the superconductor had the lowest burden at the turn ratio of 4:2. Fig. 5 shows electric power comparison data calculated from the applied voltage and current to the superconductor. The area formed by the instantaneous power curve and x-axis represents the total electric power applied to the superconductor. It is significantly low under the turn ratio of 4:2 as shown in fig. 4 . Thus, it is believed to be beneficial to maintain lower turns for the secondary winding of the reactor than the primary winding for improving the limitation of the initial fault current and reducing the burden of the superconductor. Also, the duration of the limited current is expected to be extended by limiting the consistent fault current after the first half cycle with the CLR connected to the load line. These results are considered useful in future application to the actual systems.
Voltage Comparison of the Superconductor on the Secondary winding of the Reactor
CONCLUSION
The recovery time of the SFCL and the way to improve the limited current duration were suggested in this study. In the existing flux-offset type SFCL, the superconductor takes all burdens at fault, however, the suggested structure makes that the superconductor limits the fault current during the first half cycle only, and opens the SCR switch later to minimize the burden of the fault. Also, enough duration of the limited current could be secured by limiting the consistent fault current after the first half cycle with the CLR connected to the load line. These performance improvements are considered advantageous in cooperation with the existing protective devices. Structural improvements are required in the future as the structure of the system still remains complicated.
